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ABSTRACT - Aiumiirnm toxicity is an important factor limiting plant growth in acid soils,The effect of 
five Ai leveis (0, 371. 742, 1484, and 2226 pM) ia nutrient soiuüon on the growth and uptake of Ai and P 
by two Se cuitivars (Suvaie 1 and IRGA 408) was studied. Aluminum reduced root and shoot growth ia 
boti, cuitivars, but Lhe reduction was greater in IRGA 408. Aluminum uptake was increased with incrensing 
leveis of Ai in Lhe two cuitivars. The effect was greater in the roots as compared to the shoots. The tolerant 
cultivar Suvaie 1 absorbed more phosphorus te susceptibie cultivar IRGA 408. The uptake and use efficien-
cy of P was highiy correiated with the gmwth of the rice plant. Toxic Ai levei ia the nutrient solufion were 
260 }.LM for shoot growth and 280 lu.M for root growtii, respecüveiy. 
Index terms: Ai toxicity, nutrient solution, root gmwth, shoot growth. 
EFEITO DO ALUMÍNIO NO CRESCIMENTO E ABSORÇÃO DE AL E P POR ARROZ 
RESUMO - Toxidez de alumínio é um fator Importante, que limita o crescimento das plantas em solos kidos. 
Foi estudado o efeito de cinco níveis de AI (0, 371, 742 1484 02226 uM)  em solução nutritiva sobre o cres-
cimento e absorção de AI e P pelas cultivares de arroz Suvale 1 e IRGA 408. O alumínio reduziu o cresci-
mento das rarzes e da paste a&ea nas duas cultivares, mas a redução foi maior para a cultivar IRGA 408. A 
absorção de AI aumentou com o aumento de níveis de AI nas duas cultivares. O efeito foi maior nas raízes do 
que na parte aérea. A cultivar tolerante Suvale 1 absorve mais fósforo que a cultivar sensel IRGA 408. A ab-
sorção e a eficiência de utilização de P foram altamente colTelacionadas com o crescimento das plantas. Os 
níveis tóxicos de AI em solução nutritiva foram de 260 J.LM para a pane aérea, e de 280 pM para as raízes. 
Tenos para indexação: toxidez de AI, solução nutritiva, crescimento da parte aérea, crescimento de raízes. 
INTRODUCTION 
Aiuminum toxicity is most common on acid soiis 
and reduces erop production. Severai factors such as 
soil fertility levei, organic matter content, soil 
texture, piant species and cultivar within species 
determine Ai toxicity. Toxic levei of Ai in the 
growlh medium reduces growth of roots and shoots. 
Reduction of root growth is reiated to the uptake of 
water and nutrients and consequently, crop yield. 
Lintg reduces Ai toxicity in the piow iayer, 
over a period of severai years, in lhe subsoil as well. 
Work reported in lhe literature shows that plant 
species and genotypes within species differ widely iii 
tolerance te Ai toxicities (Fageria & Carvalho 1982, 
Foy et ai. 1978). Until subsoil Ai is reduced, the best 
practice for producing good crop yields in acid soils 
is Lhe combination of liming and use of toierant 
cuitivars. 
The objective of the present study was to 
determine effects o! Ai ora growth and uptake o! Ai 
and P by two rice cuitivars from Brazil. 
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MATERIALS AND METHODS 
A greenhouse experiment was conducted Lo study the 
iniluence of AI on growth and uptake of Ai and P by twa rice 
cultivars (Oryza safiva L. cv. Suvale 1 and IRGA 408). Seeds 
of the two cuitivars wem germinatcd in pure sand using 
30 cm x 45 cm x 8 cm piastic trays. Eight te ten days afiei 
sowing, four uniform seedlings were transplantcd te acrylic 
discs with hoies in Lhe center. The seedhngs were heid ia 
place with cotlon. These discs wese then tnnsferred te plasüc 
pots containing 7.5 liters of nutrient soluüon. Each pot ind 
three discs with four plants each. 
With slight modifications, tl-ie solutions were based ora 
those recommended by Lhe Internationai Rice Research 
lnsütute for rim. The nutrient soiution had Lhe following 
composition m IaM: NH4NO 3 2857; Na}12PO4.H20 129; 
1<2504 1023; CaCl2 1000; M9SO4.7 1120 1645; 
(NU4Mo7024.4H20 0.5; MnCl2.411 2O 9; H3B03 18.5; Zn 
504,51120 0.15; CuSO4 0,16; and FeC1 3 .61120 36. 
Aluminum ira amounts required for Ai concentrafions of 0. 
371, 742, 1484, and 2226 IaM was added as AIC1 3. The 
acúvities of each of Lhe Ai monomeric species were 
caiculated by way o! Lhe 0500-tEM computer program 
(Sposito & Mattigod, 1980) and equiiibrium constants 
reported by Lindsay (1979). 
The nutrient soiutions were changed once a week. The pH 
of Lhe solution was adjusted Lo 4 ± 0.2 initially and every 
two days thereafter with 0. IM NaOH or 1.0 M HCI. The 
experimental designs was a randomized biock with two 
replications. Maximum and minimum ais temperatura means 
during Lhe experiment were 28 0C ± 20C and 180 ± 20C, 
respectively. 
Afta 20, 40, 60, and 80 days growth ia AI treated 
solutions, plaat tops and rocas were harvestsd. Roots were 
rinsed thoroughly ia disüuied water and blotted dry. Roots 
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and tops were dried to a constant weight at about 80°C. Fiant 
anaiysis for AI and P was done simultaneousiy with a plasma 
emision spectrophotometer. 
RESULTS AND DISCUSSION 
In the presence of sulfate in solution, and over 
the pli range of four to six AI speciation can be 
represented by the following equation (Alva ei ai. 
1986): 
[Ai monomeric] = Ai3t] + [Al(OH)"] + 
[Al(OH)fl + [Al(OH)] + [Ai(SO4)]. The 
caiculated activities of Ai monomers are presented iii 
Table 1. Tbe range in calculated activities of each of 
lhe Ai monorners was 73.4 to 410.7 jiM for Ai 3 t, 
7.3 to 40.7 sM for A1(OFl) 2 , 3.7 to 20.6 KM for 
A1(OH), 0.07 to 0.41 piM for Al(OH), and 125 to 
495 piM for ALSO. The calcuiated values of 1 
activities of monomeric Ai species (ZaAono)  in 
nutrient soiution varied frota 209.5 to 967.4 pJ1  as a  
result of varying lhe concentration of AI aI pH 4. 
The calculated activity of ALSOt was hihest 
followed by AI 3 activity. The activity of AI(Ol-1) 
was lhe lowest ai ali added AI concentrations. 
Rico cultivar growth parameters as influenced by 
Ai treatment at different growth stages are 
presented in Tables 2 and 3. Ali growth parameters 
were reduced ai 742 l.aM  or higher AI 
concentrations in lhe nutrient soiution. AI a Iow 
concentration (371 1xM), there was a beneficial 
effect of AI. Howeler & Cadavid (1976). 
Thawornwong & Van (1974) also reported rico 
growth stimulation aI low concentrations of AI ia 
nutrient solution. Cultivar Suvale 1 produced more 
growth aI ali Ai concentrations and ai ali growth 
stages compared to cultivar IRGA 408. 1-lence, 
Suvale 1 cuitivar is more toierant lo AI than is 
cultivar IRGA 408. To identify which growth 
parameter is lhe most sensitivo lo Ai toxicity, root 
iength, plant height, and root and shoot weight 
TABLE 1. Calculated activites of AI m000mers ia nufrient solution. 
Added aAl(oN)at aAi(oH)+ aAi(oH)u aAISo: >aAlmono 
gM 
371 73,4 7.3 3.7 0.07 125 209.5 
742 144.7 14.5 7.3 0.14 227, 393.6 
1484 279.4 27.8 14.1 0.28 384 705.6 
2226 410.7 40.7 20.6 0.41 495 967.4 
TABLE 2. Influence of AI 00 growth parameters of dcc cultivars. 
Suvais 1 IRGA 408 
AI 
leveis Root Plant Root Shoot Root Plant Root Shoot 
iength height weight weight length height weight weight 
ILM orn 914 plants cm 914 piants 
O 29,87 64.75 1.98 22.61 26.75 48.25 1.15 6.85 
371 31.75 65.75 2.13 23.05 28.50 46.12 1.31 10.45 
742 27.12 61.25 1.53 16.72 24.50 44.50 0.95 7.62 
1484 12.12 49.50 0.87 10.52 9.75 33.25 0.58 6.71 
2226 9.12 37.75 0.28 4.37 8.12 26.63 0.21 2.56 
LSD 
(P = 0.05) 0.81 2.57 0.09 0.83 1.01 1.25 0.08 0.54 
Values ln lhe tabie represent an average aavss 4 stages ai piant growth. 
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TABLE 3. Growth parameters of rice cultivars as influenced by ptant age. 
Suvale 1 	 IRGA 405 
Age in 
days 	 Root 	 Piant 	 Root 	 Shoot 	 Root 	 Piant 	 Root 	 Shoot 
iength 	 hoight 	 weight 	 weight 	 iongth 	 height 	 weight 	 weight 
Q'fl 	 914 ptants ciii 	 9/4 piants 
20 	 16.8 	 26.6 	 0.17 	 0.58 14.9 	 21.5 	 0.15 	 0.49 
40 	 20.3 	 48.2 	 1.02 	 5.13 18.1 	 33.7 	 0.65 	 3.11 
60 	 23.9 	 61.5 	 1.76 	 18.23 20.9 	 43.3 	 1.06 	 8.32 
80 	 27.0 	 86.9 	 2.47 	 37.88 24.2 	 60.5 	 1.52 	 15.45 
LSD 
(P = 0.05) 	 0.92 	 1.55 	 0.04 	 0.43 0.67 	 1.48 	 0.05 	 0.41 
Values iii the table represent an average across 5 leveis of AI. 
reduction were caicuiated at highest Ai levei in TABLE 4. The effect of high AI eleveis on growth pa- 
compaiton to maximum growth (Tabie 4). Root and rameters of two rice cuitivars. 
shoot weight paranieters were more sensitive to 
A1-toxicity than were root iength and piant height. 
Piant height was the ieast sensitive. Generaily, root Cultivar 	 Root 	 Plant 	 Root 	 Shoot 
length is used as a parameter to evaivate Ai toxicity 
iength 	 height 	 weight 	 weight 
of crop genotypes. These results suggest that root or Suvale 1 
	 71 	 43 	 87 	 81 
shoot weight can better be used for this purpose and lAGA 408 
	 72 	 45 	 84 	 76 
are casier to measure than root Iengths. The critical 
toxic Ai ievei in the soiution was 260 jLM for shoot Mimum yieid . yield 
growth and 280 pM for root growth for Lhe toierant 
cultivar 	 Suvaie 	 (Fig. 	 1). 	 This 	 critical 	 levei 
ai highest Ai levei 
Yieid reduction = 	 xioo 
corresponds to 90% of maximurn yieid. Maximum yield 
loa 100 
Y =118.37.0.1034 A1 
=0.991 
80 80 
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FIO. 1. Relativo dry weight ol shoot and rootas lnfluenced by total aclivlties of Ai mononieticai species. 
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Aluminuin concentrations in the two nec concentrations in the roots compared to the 
cultivars at ali growth stages were increased with 	 susceptibie cultivar tROA 408 especially at higher 
increasing leveis of Ai in the growth medium as 	 Ai leveis (Tabie 5). 
expected and were higher in roots as compared to 	 Phosphorus uptakes under different ieveis of Ai 
shoots. Aiuminum content (dry matter x 	 and at different stages of piant growth are presented 
concentration) was higher in shoots as compared to in Tabie 6. Over time, phosphorus was increased by 
roots at ali stages of plant growth. This was related 	 371 p.M Ai, but was significantiy reduced by higher 
to the greater dry matter production of shoots. 	 Ai applications. This was especiaiiy true at high 
Alurninurn toleram cultivar Suvale ind higher Ai 	 leveis of AI iii the roots as wdll as shoots at ali stages 
TABLE S. Aluminum concentration and uptake by shoot and root of 2 rice cuitivars at different AI leveis and stages 
ofgrowth. 
AI 
leveis AI 
cone. 
Suvale 1 
AI 	 AI 
uptake 	 conc. 
AI 
uptake 
AI 
cone. 
tROA 408 
AI 	 AI 
uptake 	 cone. 
AI 
uptake 
rLM L9.9' mg/4 g.g' rT9 tL94" rng14 
Shoot Root Shoot Root 
20 days 
O 193 0.16 578 0.11 282 0.18 755 0.16 
371 302 0.24 1125 0.31 338 0.24 1326 0.28 
742 629 0.40 2605 0.41 783 0.43 2180 0.29 
1484 2018 0.81 3233 0.41 1170 0.42 2605 0.26 
2226 2353 0.54 3520 0.35 2383 0.41 3256 0.26 
LSD 
(0.05) 6.08 0.08 20.19 0.07 20.84 0.09 30.93 0.06 
40 days 
o 257 1.83 255 0.49 266 1.09 615 0.69 
371 440 3.66 1785 2.61 407 1.97 1670 1.77 
742 568 2.99 4095 4.29 687 1.89 2814 1.46 
1484 1026 3.51 5871 3.09 759 1.68 4700 1.53 
2226 2071 3.24 4950 0.69 1475 2.13 4830 0.56 
LSD 
(0.05) 7.49 0.40 21.51 0.42 24.88 0.51 24.60 0.63 
60 days 
o 605 11.88 534 1.33 618 4.81 1055 1.24 
371 701 21.11 1680 4.11 633 7.44 1911 3.29 
742 828 16.97 3085 6.92 857 9.08 3175 4.36 
1484 946 14.96 3964 5.15 1255 10.3 3730 2.89 
2226 2160 11.01 4063 1.32 2089 6.79 4100 1.03 
LSO 
(0.05) 17.62 0.84 20.19 0.49 45.21 1.24 18.89 0.21 
80 days 
o 527 33.07 610 2.02 501 7.46 704 1.48 
371 574 30.42 1527 6.65 725 17.76 1760 4.01 
742 731 29.61 3234 8.56 800 13.28 3645 6.49 
1484 1041 23.42 5450 8.45 833 13.17 3875 4.16 
2226 2479 26.28 5695 ZGi liso 6.33 3938 1.62 
LSD 
(0.05) 7.84 2.79 19.12 0.51 17.07 1.24 92.39 0.43 
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of plant growth. Phosphorus content in the roots as parameters were positively correlated but highest 
well as shoots was higher in the Ai tolerant cultivar correlation was obtairied between shoot weight and 
Suvale 1 as compared to the Ai susceptible cultivar plant height and shoot weight and root weight. 
IRGA 408. These results suggest that AI tolerance is Aluminum concentrations in roots and shoots were 
elated to P nutrition. negatively correlated with alI growth parameters. 
Coefficients for correlations between growth Phosphorus uptake iii roots and shoots were highly 
parameters of the dcc cultivar Suvale 1 and uptake correlated with root length, plant height, root and 
aí AI and P are presented in Table 7. AU growth shoot weight. 
TABLE 6. Phosphorus concentration and uptake by s mota and roots of 2 rice cultivars at differcnt AI leveIs and 
stages of growth. 
AI 
leveis P 
conc. 
Suvale 1 
P 	 P 
uptake 	 conc. 
P 
uptake 
p 
conc. 
IRGA 408 
p 	 p 
uptake 	 oonc. 
p 
tiptake 
'7' rng/4 9/4 psg.g piants 
Shoot Root Shoot Root 
20 days 
O 9200 7.55 8650 1.70 8300 5.62 9100 1.91 
371 8100 6.68 4300 1.16 7100 - 4.91 4500 0.92 
742 8250 5.16 5500 1.01 5700 3.34 4100 0.56 
1484 4300 1.72 3500 0.44 4200 1.52 3500 0.35 
2226 2200 0.51 1700 0.17 2800 0.47 1900 0.13 
LSD 
(P = 0.05) 293.09 0.61 634.89 0.45 689.76 0.53 325.16 0.41 
40 days 
o s000 35.25 3100 6.02 5200 21.45 3500 3.93 
371 4200 34.81 4300 5.83 3800 18.45 4200 4.20 
742 3000 12.19 4100 4.31 3100 8.55 3400 1.75 
1484 1800 6.17 2500 1.315 1900 4.47 2000 0.82 
2226 1900 2.96 2400 0.34 1900 2.76 2500 0.29 
LSD 
(0.05) 229.92 5.68 281.59 1.38 430.14 2.63 745.03 0.20 
60 days 
o 4000 78.64 4200 10.42 4700 36.40 7600 8.93 
371 4200 126.41 4800 11.79 4200 49.37 7800 13.46 
742 2800 57.35 4300 9.68 3100 32.92 6100 8.37 
1484 2100 33.21 4400 5.41 2200 18.08 4400 3.42 
2226 2200 11.23 2400 0.79 2300 7.45 2700 0.68 
LSD 
(0.05) 325.16 5.38 281.59 0.86 363.54 6.03 860.28 1.02 
80 days 
o 4600 288.93 4200 13.86 5000 67.33 5600 11.77 
371 4200 222.60 4700 20.46 4400 107.60 7300 16.61 
742 2600 101.20 4200 11.08 2700 44.64 5100 9.07 
1484 2300 51.80 4000 6.20 2600 41.37 5200 5.53 
2226 2100 22.26 2700 1.38 2300 12.27 3300 1.35 
LSD 
(0.05) 229.92 15,64 708.66 2.56 947.98 20.83 1114.6 1.33 
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TABLE 7. Simple correlations between shoot and root 
growth and uptake of AI and P by cultivar 
Suvale 1. 
Vaulables Root lengili 
Piant 
height 
Root 
weight 
Shoot 
weight 
Rootiength 1.00 
Plantheight 0.72" 1.00 
Rootweight 0.830 0.91" 1.00 
Shootweight 0.68" 0.90° 0.91*. 1.00 
AICS -0.77" -0.38' -0.47° -0.31NS 
AIUS 0.45" 0.88" 0.74** 0.88" 
AICR _0.69** -0.19 NS -0.42° -0.28 NS 
AIUR 0.34* 0.71° 0.58" 0.57" 
PCS 0.34' -0.22 NS -0.11 NS -0.13 NS 
PUS 0.69" 0.81 ° 0.87" 0.96** 
PCR 0.47" 0.09NS 0.1INS 0.10NS 
PLJR 0.83" 0.88° 0.98" 0.90" 
ER-AIF1 -0.69" -0.19 NS -0.42 NS -0.28 NS 
ER-PR 0.46" 0.08 NS 0.10 NS 0.09 NS 
ER-AI5 -0.7?' -0.37' -0.48" -0.31 NS 
ER-PS 0.33' -0.22 NS -0.11 NS -0.13 NS 
AICS = AI concentration in shoot, AIUS = AI uptake by shoot, 
AlUA = Al uptake by root, PUS = P uptako by Shoot, PCA = P 
concentration in root, PUA = P uptake by root, AlGA = AI 
concentralion In root, ER-AIR = Efilciency ratio of Ai in Root, 
ER-PA = Efilciency ratio ot P in root. 
Efficiency ratio (ER) = mg dry matter produced/rng ot elernent 
absorbed. 
Uptake = nulrient concentration x dry wt cl shoot or root. 
NS = Not signiticant. 
Significant at the 5 and 1% levei cl probability, 
respectiveiy. 
CONCLUSIONS 
1. The cultivar Suvale 1 was more tolerant of AI 
toxicity than the cultivar IRGA 408. 
2. Shoot and root weight are more susceptible to 
AI toxicity than piaut height and root iength. 
3. Phosphorus uptake is greater in the tolerant 
cultivar. 
4. Critical toxicity levei in nutrient solution was 
established as 260 p.M for shoot growth and 280 
jiM for root growth for the tolerant cultivar Suva-
le L 
S. Aluminum inhibits uptake of P in the root as 
well as the shoot. 
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